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【論文の内容の要旨】 
Design of efficient molecular catalysts for precise olefin polymerization attracts considerable 
attention in the field of organometallic chemistry, catalysis, and of polymer chemistry. Synthesis 
of new polymer, by incorporation of monomers that have never been incorporated in the metal 
catalyzed coordination polymerization, thus attract considerable attention not only from 
academic, but also from practical viewpoints. Modified half-titanocenes containing anionic 
donor ligands, Cp’TiX2(Y) (Cp’ = cyclopentadienyl group; X = alkyl, halogen; Y = aryloxo, 
ketimide, phosphinimide etc.), have been known to be the promising candidates, especially for 
syntheses of new polymers in ethylene copolymerizations.1 We already demonstrated that 
efficient catalysts for the desired copolymerizations (with α-olefins, styrene, cyclic olefins etc.)1 
can be tuned by the ligand modifications (Cp’, Y); nature of the anionic donor ligand plays an 
essential role for the comonomer incorporation.1   
In this thesis, precise synthesis of new polyolefins by incorporation of sterically encumbered 
olefins in ethylene copolymerization using nonbridged half-titanocenes has been studied. It 
reports on precise synthesis of (i) new cyclic olefin copolymers,2,3 (ii) new copolymers by 
incorporation of sterically encumbered (disubstituted) α-olefins, (iii) half-titanocenes containing 
1,3-imidazolidin-2-iminato ligands as new olefin polymerization catalysts.4  
 
Results and Discussion 
1. Precise synthesis of new cyclic olefin copolymers using nonbridged half-titanocene catalysts. 
Ethylene copolymerizations with 4-methylcyclohexene (4-MeCHE), 1-methylcyclohexene 
(1-MeCHE), and with 1-methylcyclopentene (1-MeCPE) have been explored by the aryloxo- or 
ketimide-modified half-titanocenes, Cp’TiCl2(X) [X: O-2,6-iPr2C6H3, Cp’: tBuC5H4 (1), 
1,2,4-Me3C5H2 (2); X: N=CtBu2, Cp’: tBuC5H4 (3), Cp (4)], linked half-titanocenes, 
[Me2Si(C5Me4)(NtBu)]TiCl2, ordinary metallocenes, [Et(indenyl)2]ZrCl2, Cp2ZrCl2, in the 
presence of methylaluminoxane (MAO) cocatalyst. This is because that 1,2 incorporate 
cyclohexene in the ethylene copolymerization2a and 3,4 are effective for the efficient 
copolymerization with cyclopentene.2b The aryloxo analogues (1,2) only showed rather efficient 
4-MeCHE incorporations in 1,2-insertion manner, affording the copolymers with uniform 
molecular weight distributions (compositions), whereas as the others (3-7) showed the 
negligible incorporations under the same conditions. 
The catalytic activities by 1,2 were affected by both ethylene pressure and 4-MeCHE 
concentration charged; no significant differences in the activities were observed between 1 and 
2. The observed activities in the copolymerization were similar to those in the copolymerization 
with cyclohexene (CHE). The activity increased upon increasing the ethylene pressure or 
decreasing the 4-MeCHE concentrations charged along with decreasing the 4-MeCHE contents 
in the copolymer (estimated by 13C NMR spectra). The resultant polymers are 
poly(ethylene-co-4-MeCHE)s with uniform compositions, on the basis of GPC analysis and 
DSC thermograms. Incorporations of 4-MeCHE were confirmed by NMR spectra, DSC 
thermograms; the melting temperature (Tm) decreased upon increasing the comonomer contents. 
It turned out that the 4-MeCHE contents in the resultant copolymers are higher than the CHE 
contents conducted under the similar conditions. 
Microstructure analysis in the resultant copolymers was explored by 13C NMR (and the dept) 
spectra, and most of resonances could be assigned on the basis of the dept spectrum and the 13C 
NMR spectra for poly(ethylene-co-CHE)s, and the spectra with different 4-MeCHE contents.  
Although these resonances became somewhat complicated because of 4 insertion patterns for 
incorporation of 4-MeCHE (position of methyl group, cis/trans to Ti-alkyls), it turned out that 
cyclohexene moiety was incorporated in a 1,2-insertion manner without 1,3-insertion via 
β-hydrogen elimination (then subsequent isomerization) after CHE insertion. The microstructure 
for the resultant copolymer possessed both isolated and alternating cyclohexene sequences, and 
no 4-MeCHE repeat units were observed, as observed in the poly(ethylene-co-CHE)s due to a 
difficulty to be incorporated repeatedly. 
Only the 1,2,4-Me3C5H2-aryloxo analogue (2) afforded the copolymers containing 1-MeCPE 
with uniform compositions and 1-MeCPE was incorporated with 1,2-insertion as well as after 
isomerization (incorporated as methylene cyclopentane and methylene cyclopentyl units), 
      
whereas 1-MeCHE was incorporated by 1 and 2 only after isomerization (incorporated as 
methylene cyclohexyl unit) affording the copolymers with uniform compositions. 
 
2. Precise synthesis of new olefin copolymers by incorporation of sterically encumbered 
α-olefins using nonbridged half-titanocene catalysts. 
On the basis of our results in the copolymerization with 2-methyl-1-pentene (2M1P) by 
Cp*TiCl2(O-2,6-iPr2C6H3) [Cp* = C5Me5 (5)],5 two complexes, 1 and 2 have been chosen as the 
catalyst precursors, because these showed better comonomer incorporation (low rE values) than 
ordinary metallocenes and linked half-titanocenes in copolymerization with 1-hexene. The 
ketimide analogues (3, 4) have also been chosen for comparison.6 These polymerizations by 1-5 
proceeded with high catalytic activities, and the activity was affected by the ethylene pressure. 
The copolymer possessed high molecular weights with unimodal molecular weight distributions, 
and the melting temperatures (Tm values) by DSC thermograms were close to polyethylene, 
suggesting that the observed resultant polymers contain trace amount of 2M2B. As expected 
from the results with 2M1P, the copolymerization of ethylene with 2-methyl-1-butene (2M1B) 
by 1-5 affording the copolymers under certain conditions; effect of steric bulk around the 
olefinic double bonds toward the comonomer incorporation have thus been studied.  
 
3. Effect of ligand substituents in ethylene copolymerization using half-titanocenes 
containing 1,3-imidazolidin-2-iminato ligands — MAO catalysts. 
A series of half-titanocenes containing 1,3-imidazolidin-2-iminato ligands, Cp’TiCl2[1,3- 
R2(CH2N)2C=N] [Cp’ = Cp*, tert-BuC5H4; R = tBu, Cy, C6H5, 2,6-Me2C6H3, 2,6-iPr2C6H3] were 
prepared according the analogous procedure published previously.7a The catalytic activity in 
ethylene polymerization upon presence of MAO was affected by the ligand substituents, and 
Cp*TiCl2[1,3-(2,6-R’2C6H3)2(CH2N)2C=N] [R’ = Me (6), iPr] showed the highest activities.7b It 
has been demonstrated that 6 exhibited exceptionally high catalytic activities, that are higher 
than the reported half-titanocenes, for ethylene/1-hexene copolymerization, affording ultrahigh 
molecular weight polymers with uniform molecular weight distributions.  
 
Conclusions 
The results through this research present that precise synthesis of new polyolefins by 
incorporation of sterically encumbered olefins in ethylene copolymerization using nonbridge 
half-titanocene catalysts were successful. The information here should be important for both 
synthesis new polyolefins with specified function that cannot be prepared by ordinary process 
and for design more effective catalyst for efficient olefins polymerization. 
 
 
References 
1. (a) Nomura, K.; Liu, J.; Padmanabhan, S.; Kitiyanan, B.; J. Mol. Catal. A: Chem. 2007, 267, 1; (b) K. 
Nomura, Dalton Trans. 2009, 8811; (c) Nomura, K.; Liu, J.; Dalton Trans. 2011, 40, 7666. 
2. (a) Wang, W.; Fujiki, M.; Kotohiro, N. J. Am. Chem. Soc. 2005, 127, 4582.; (b) Liu, J.; Nomura, K. Adv. 
Synth. Catal. 2007, 349, 2235. 
3. Patamma, S.; Apisuk, W.; Nomura, K. submitted for publication. 
4. (a) Nomura, K.; Fukuda, H.; Katao, S.; Matsuda, H.; Katao; S.; Patamma, S. J. Organomet. Chem. in press. (b) 
Nomura, K.; Patamma, S.; Katao, S.; Matsuda, H.; Katao; S.; Tsutsumi, K.; Fukuda, H. submitted for publication. 
5. (a) Nomura, K.; Itagaki, K.; Fujiki, M. Macromolecules 2005, 38, 2053. (b) Itagaki, K.; Fujiki, M.; 
Nomura, K. Macromolecules 2007, 40, 6489. 
6. (a) Nomura, K.; Oya, K.; Imanishi, Y. J. Mol. Catal. A. 2001, 174, 127. (b) Nomura, K.; Fujita, K.; 
Fujiki, M. J. Mol. Catal. A. 2004, 220, 133. (c) Nomura, K.; Fukuda, H.; Apisuk, W.; Trambitas, G. A.; 
Kitiyanan, B.; Tamm, M. J. Mol. Catal. A: Chem. 2012, 363-364, 501. 
7. (a) Nomura, K.; Fukuda, H.; Katao, S.; Fujiki, M.; Kim, H.-J.; Kim, D.-H.; Zhang, S. Dalton Trans. 
2011, 40, 7842. (b) Kretschmer, W. P.; Dijkhuis, C.; Meetsma, A.; Hessen, B.; Teuben, J. H.; Chem. 
Commun. 2002, 608. 
 
